The effects of Org NC 45 and pancuronium bromide on heart rate and arterial pressure were studied in anaesthetized man A bolusof eitherOrgNC450.12mgkg or pancuronium 0.1 mg kg was administered to lightly anaesthetized unstunulated subjects. Following Org NC 45 heart rate decreased in the majority of subjects (mean and SEM 3.78 + 1.36), whereas after pancuronium heart rate was increased (mean and SEM 11.91 ± 1 9). The changes in mean arterial pressure observed were minimal The effect of endotracheal intubation on mean arterial pressure was then studied. Increase of mean arterial pressure was observed in all subjects. The increase was more marked in those patients who had received pancuronium and was significantly higher than m those patients who had received Org NC45 (P<0.01) We conclude that Org NC 45 is devoid of vagal blocking acoon, and that the difference m response to the stimulus of endotracheal intubation is a result of the different effects exerted on the sympathetic nervous system by Org NC 45 and pancuronium.
Org NC45 was developed as a result of pharmacological tests on the neuromuscular and autonomic blocking actions of a series of pancuronium analogues. Org NC45 was selected because it possesses negligible ganglion blocking activity, and there is a wide margin between neuromuscular and vagal blocking doses (Marshall, Agoston et al., 1980) . This suggested that Org NC45 would have minimal cardiovascular side-effects, in comparison with pancuronium.
Increases in heart rate following pancuronium have usually been attributed to blockade of cardiac muscarinic receptors (Saxena and Bonta, 1970) . Org NC 45 is 35 times less active than pancuronium in blocking cardiac responses to vagal stimulation in anaesthetized cats (Durant et al., 1979) and 500 times less potent than pancuronium in blocking the bradycardia produced by vagal stimulation in the pithed rat (Marshall, McGrath et al., 1980) . Org NC 45 also differs from pancuronium in its effects on the sympathetic nervous system. It is four TENNANT, FIST; Magill Department of Anaesthetics, Westminster Hospital, London SW1 Present addresses:
•Department of Anaesthetics, Kingston Hospital, Kingston upon Thames, Surrey. tDepartment of Anaesthetics, Royal Hampshire County Hospital, Winchester, Hants. 0OO7-O912/82/04O435-05 $01.00 times less potent as an inhibitor of the neuronal uptake of noradrenaline (Uptake,) in the isolated perfused rat heart (Salt, Barnes and Conway, 1980) . It is approximately 30 times less active than pancuronium in potentiating the effects of sympathetic cardioaccelerator stimulation in pithed rats and does not potentiate the cardiac effects of noradrenaline in guineapig atria (Marshall, McGrath et al., 1980) .
METHODS
Fit adults gave informed consent to the study. Premedication consisted of diazepam lOmg orally for those patients less than 70 kg in weight and 15 mg for those more than 70 kg and was administered 90 min before induction of anaesthesia. On arrival in the anaesthetic room a 22-gauge Teflon cannula (Abbocath) was inserted into the radial artery under local anaesthesia. This was connected via a pressure transducer (Hewlett-Packard 12 80 A) to a pen recorder (Brush Clevite). Anaesthesia was induced with thiopentone 5mgkg"' and maintained with 70% nitrous oxide in oxygen via a face-mask. Five minutes after the administration of thiopentone a bolus of either pancuronium O.lmgkg" 1 (11 patients) or Org NC45 0.12mgkg~' (12 patients) was administered. Subjects were randomly assigned to these two groups.
When spontaneous ventilation ceased the lungs were ventilated artificially with 70% nitrous oxide in oxygen. Five minutes after the administration of © The Macmillan Press Ltd 1982 the neuromuscular blocking drug a bolus of thiopentone 1.5mgkg~' was administered and the trachea intubated. Mean arterial pressure (diastolic + [systolic -diastolic]/3) and heart rate were determined in the minute before the administration of the neuromuscular blocker. This represented the control values for individual subjects. Mean arterial pressure and heart rate in the 4th minute following injection of pancuronium and Org NC45, and the peak mean arterial pressure on intubation, were determined.
RESULTS
Examples of the traces during the control period, the 4th min following injection of the neuromuscular blocking drug and the response to endotracheal intubation, are shown for two patients in the pancuronium series ( fig. 1 ) and two patients in the Org NC 45 series ( fig. 2 ).
Heart rate
The change in heart rate for all subjects was expressed as the percentage change of the control values (fig 3) . In the subjects who received Org NC 45, heart rate was increased in two (2% and 4% of control), was unchanged in two and decreased in the remainder by up to 12% of control. In absolute terms the decrease was 3.78+1.36 (mean+SEM) and this was significantly different from the control values (P<0.025, t test). In the subjects who received pancuronium the heart rate was consistently increased. The increase in heart rate ranged from 5% of control to 30% of control. In absolute terms the increase in heart rate was 11.91 ± 1. (mean ± SEM) and this was significantly different from the control values (.P<0.001, t test). There was a correlation between the increase in heart rate (expressed as percentage change of control) and the control heart rate (r= 0.635).
Mean arterial pressure
Mean arterial pressure in the minute before the administration of the two drugs was not significantly different in the two groups. The mean arterial pressure at the three relevant points in the studycontrol, the 4th min following injection of the drugs and the peak mean arterial pressure on intubationare shown for pancuronium and Org NC 45 ( fig. 4) .
Ip the patients given pancuronium mean arterial pressure was increased in the majority (range -2.1% of control to +11.1% of control). This change in mean arterial pressure was significantly different from the control values (P<0.025, t test). In the patients who received Org NC45, mean arterial pressure decreased in some (maximum decrease 12% of control) and was increased in others (maximum 8.8% of control). There was no statistical significance between the values after injection of the drug compared with the control values (f test). Mean arterial pressure was increased in all subjects as a result of endotracheal intubation. There was, however, a significantly different response in peak mean arterial pressure on intubation in those patients who had received pancuronium and Org NC45 CP<0.01, t test and rank test). These changes in peak mean arterial pressure were expressed as percentage increase of control of each subject ( fig. 5 ). 
DISCUSSION
The effect of a bolus dose of Org NC 45 on heart rate in lightly anaesthetized man is different from that of pancuronium. The dose of Org NC45 used in this trial appears to be devoid of the vagal blocking action observed with pancuronium. Animal studies which have shown Org NC 45 to be devoid of vagal blocking activity Durant, Houwerrjes and Crul, 1980) , have been confirmed in man. The changes observed with pancuronium are consistent with previously reported work (Kelman and Kennedy, 1971; Miller, Eger and Stevens, 1975) . When pancuronium is used in clinical practice, a stimulus that produces a sympathetic discharge results in tachycardia that would be more marked in the presence of vagal blockade. Excessive tachycardia may occur when pancuronium is used; this would be less likely to occur with Org NC 45. The effects of pancuronium and Org NC45 on mean arterial pressure seemed to be dependent on the conditions prevailing at the time the data were collected. Org NC 45 did not have a consistent effect on mean arterial pressure after a bolus injection in the lightly anaesthetized unstimulated subject, and changes that did occur were minimal. The injection of pancuronium resulted in a small but significant increase in arterial pressure. This increase in mean arterial pressure did not appear to correlate with the increase in heart rate. Endotracheal intubation produced an increase in arterial pressure in all the subjects in this trial. There was, however, a difference in the pressor response to intubation between the two groups. The increase in mean arterial pressure during intubation after Org NC 45 was modest and consistent. The increase in mean arterial pressure in those patients who had received pancuronium was greater and tended to be inconsistent.
In this trial an attempt was made to produce a consistent level of anaesthesia at the time of endotracheal intubation, by the careful control of the doses of anaesthetic agents used and critical timing of the manoeuvres performed. Despite this it is impossible to be sure that all patients were at the same level of anaesthesia for the standard stimulus of endotracheal intubation. It could be anticipated, however, that the variation in level of anaesthesia would be the same in the two groups. An explanation for the observed results may be that Org NC45 and pancuronium exert different effects on the sympathetic nervous system. Pancuronium sensitizes the sympathetic nervous system by inhibiting the reuptake of noradrenaline into sympathetic nerves. A pressor response would not be anticipated following a bolus injection of the drug. Any change in arterial pressure in an unstimulated subject could be attributed to the mild tachycardia produced by vagal blockade, although this was not the case in this trial. In the presence of a sympathetic discharge, however, an augmented response would be expected. Org NC 45 is unlikely to sensitize the sympathetic nervous system (Salt, Barnes and Conway, 1980) , and one would not expect to see the exaggerated changes in mean arterial pressure during periods of sympathetic stimulation. This may explain why the two groups in this trial behaved in a similar fashion with respect to changes in mean arterial pressure after the drugs were administered, yet had a different response to endotracheal intubation.
The apparent discrepancies in the early experimental work on the cardiovascular effects of pancuronium in man (Baird and Reid, 1967; McDowell and Clark, 1969; Fastrer and Agoston, 1970; Kelman and Kennedy, 1971) , may be a result of the different plans of study used and the difference in stimulation taking place during the studies, when the data were collected. In the study reported by Lyons and Clark (1972) , four neuromuscular blocking drugs were studied -pancuronium, gallamine, alcuronium and tubocurarine. After injection of the drugs it was noted that pancuronium produced little change in mean arterial pressure. The fact that the greatest increase in arterial pressure in intubation 3 min after the injection of the drugs was seen with pancuronium did not receive comment.
The cardiovascular side-effects of any neuromuscular blocking drug will be dependent on the inherent pharmacological properties of the drug, and the depth of anaesthesia in relation to the surgical stimulus. (11,91 ±1,9) . Les modificauons de la pression artirielle moyenne observees sont minimes. On a enstute etudie les effets de 1'inrubanon endotracheale sur la pression artenelle moyenne. Tous les sujets pr£sentent une augmentation de la pression arterielle moyenne. Certe augmentation est plus marquee chez les suiets qui recoivent du pancuronium, suiets chez qui elle est significativement plus importante que chez les sujets qui recoivent de l'Org NC 45 (Z'<0,01). Nous en concluons que l'Org NC 45 est dinue d'acn'on parasympatholyuque et que la difference de reponse au stimulus de 1'intubauon endotracheale est due aux effets difffrents exerces par l'Org NC45 et la pancuronium sur le systeme nerveux sympathique SUMARJO Se estudiaron en el hombre anestesiado los efectos del Org NC 45 y del bromuro de pancuronio sobre el ntmo cardiaco y la presion arterial Seadmirustro unadosis de 0,12 mgkg" 1 deOrgNC45 6 de 0,1 mgkg" 1 de pancuronio a pacientes sin estimular y hgeramente anestesiados El ntmo cardiaco disminuy6 en la mayoria de los pacientes a raiz del Org NC45 (media y error tipico de 3,78 ± 1,36) mientras que el ritmo cardiaco aumento despues del pancuronio (media y error tipico de 11,9 + 1,9) Los cambios que se observaron en la presion arterial media fueron minimos. Se estudio seguidamente el efecto de la intubacion endotraqueal sobre la presion arterial media. Se observo un incremento de la presion arterial media en todos los pacientes El incremento fue mis notable en aquellos pacientes que habian recibido pancuronio y fue bastante superior al de los pacientes que habian recibido Org NC 45 (P< 0,01). Nuestra conclusi6n es que el Org NC45 no ejerce bloqueo vagaJ alguno y que la diferencia de la respuesta ante el estimulo de la intubaci6n endotraqueal es consecuencia de los diferentes efectos que en el sistema nervioso simpatico ejercen el Org NC 45 y el pancuronio.
